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ABSTRACT

Introduction: Although aluminum oxide nanoparticles (Al O_-NPs) are the most widely used nanomaterials,
limited studies have been reported on their toxicology. Therefore, the present study aimed to investigate
the potential toxicity of aluminum oxide (alumina) nanoparticles and the protective role of aqueous
extract of wormwood plant on nanomaterial-induced disorders in the lung of rats.

Material and Methods: Here, 36 male Wistar rats were randomly divided into six groups. Next, the rats
were first exposed to 200 mg/kg of the aqueous extract of wormwood plant (by gavage) for 15 days
and then received a dose of 30 mg/kg of aluminum oxide nanoparticles as an intraperitoneal injection
for 14 days. Furthermore, various features of clinical signs, body weight, biochemical parameters, gene
expression changes, lung weight ratio, histopathological observations, and metal content in lung tissue
were evaluated during the experiment. Eventually, the ANOVA (Analysis of Variance) and Tukey’s range
test were employed to analyze and compare the mean of the data.

Results: The results revealed that aluminum oxide nanoparticles at a concentration of 30 mg/kg body
weight led to changes in antioxidant enzyme activities, e.g., T-SOD, CAT, GPx, and TAC, lipid peroxidation,
and iNOS for exposed rats. Also, the above biochemical disorders were associated with altered expression
of oxidative stress-related genes (HO-1, MT-1) and histological changes in the lung tissue. On the other
hand, simultaneous intake of aqueous extract of wormwood plant and aluminum oxide nanoparticles in
rats significantly improved the studied parameters (p <0.05).

Conclusion: Our findings showed that the y-AlLO, NPs were more toxic than a-Al,O, NPs, which can
be attributed to changes related to their size and shape characteristics. Also, it was observed that the
wormwood plant could play a protective role against aluminum oxide nanoparticles-induced pulmonary
toxicity in rats.
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1. INTRODUCTION

Aluminum oxide (ALO,) nanoparticles have
diverse applications in industry and medical
sciences owing to their physical and chemical
properties, high specific surface area (surface-to-
volume ratio), and superior physical properties,
such as thermal stability and mechanical strength.
Alumina (AL,O,) is an oxidized state of aluminum
that is relatively stable in the air and has several
crystalline structures (such as a, 6, §, and
y-aluminum oxides). According to the evidence, the
Permissible Exposure Limits (PEL) for total alumina
dust and its respirable fraction for an 8-hour TWA
were considered equal to 15 and 5 mg/m’ by the
Occupational Safety and Health Administration
(OSHA), respectively. Accordingly, since aluminum
oxide nanoparticles have many applications in
industry, medical sciences, environmental sciences,
and others, concerns have been raised about the
health risks of humans. Therefore, further studies
are needed about nanoparticles’ safety and health
in the lungs. Over the past three decades, the use
of herbal products and supplements has increased
dramatically. Artemisia absinthium (Abs) is a
volunteer plant belonging to the Asteraceae family,
which grows in most areas of Asia and Europe.
In this regard, the extract of this plant also has
antioxidant and antiseptic properties that can
naturalize and inhibit free radicals. Accordingly,
this study aimed to investigate aluminum oxide
nanoparticles-induced pulmonary toxicity in rats.
Then, the effects of compounds extracted from the
wormwood plant, which has anti-inflammatory
and antioxidant properties, were investigated on
pulmonary disorders caused by aluminum oxide
nanoparticles in rat lungs.

2. MATERIAL AND METHODS

In this experimental study, 36 male Wistar rats
(170-220 g) were randomly divided into 6 groups,
including 1) control group, 2) y-ALO, (20nm)
30mg/kg (ip) for two weeks, 3) a-ALO, (80nm)
30 mg/kg (ip) for two weeks, 4) y-ALO, (20nm)
30 mg/kg (ip) + Artemisia absinthium 200 mg/
kg (oral) for 15 days, 5) a-AL O, (20nm) 30 mg/kg
(ip) + Artemisia absinthium 200 mg/kg (oral) for
15 days, and 6) Artemisia absinthium 200 mg/kg
(oral) for 15 days.

The a-AlLO, NPs (80nm) (purity 99%, density
3.97 g/cm’) and y-AlO,-NPs (20nm) (purity 99%
and density 3890 Kg/m?®) were purchased from
US Research (CAS No 1344-28-1, USA). The
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specific surface area of nanoparticles using the BET
analysis and their size and shape were by the TEM
technique were determined. Also, the antioxidant
activities of the aqueous extract of wormwood were
measured by the DPPH (2,2-diphenyl-1-picryl-
hydrazyl-hydrate) method, adapted from the
method proposed by Stojicevi¢ et al. In this study,
the antioxidant quercetin, a stable anti-radical
compound, was employed to compare antioxidant
activities, and its anti-radical activity (RSA) was
also determined. Also, the enzymatic activities
of malondialdehyde (MDA: lipid peroxidation),
catalase (CAT), glutathione peroxidase (GPX), total
superoxide dismutase (T-SOD), total antioxidant
capacity (T-AOC), and nitric oxide synthase (iNOS)
were read using the ZellBio (GmbH, Germany)
kits (according to the kit instructions). In this
experiment, the reverse transcription-polymerase
chain reaction (RT-qPCR) assay was used for
the mRNA expression of metallothionein-1 and
heme oxygenase-1, and GAPDH was employed as
structural genes for internal controls. Ultimately,
the relative expression ratio was estimated using the
Pfaffl method, and the inductively coupled plasma
mass spectrometry (ICP-MS) was also utilized for
determining the content of total aluminum (Al) in
lung tissue. It should be noted that lung specimens
were fixed by 10% formalin, and molding and
H&E (Hematoxylin and Eosin) staining were then
performed for histopathological analyses following
hydration and dehydration processes.

Statistical analysis

The obtained data were analyzed using SPSS-
24, and the One-way ANOVA and HSD test were
used to compare means at p<0.05. Also, charts were
drawn using Graph-Pad Prism-8 software.

3. RESULTS AND DISCUSSION

In this study, the specific surface areas (BET)
for the two state of alpha and gamma were SSA:
>14 m2/g and SSA: >135 m2/g, respectively. TEM
results showed that the gamma state had a nearly
spherical shape with an average diameter of 20 nm,
and the alpha state had a nearly irregular polygonal
shape with an average diameter of 80nm (Fig. 1). In
addition, IC50 values in DPPH radical scavenging
activity for wormwood extract and Quercetin were
evaluated equal to 512+30 and 1.336+0.11 pg/ml,
respectively.

In the present study, it was observed a non-
significant increase in body weight for rat groups
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Fig. 1. Transmission electron microscope (TEM) image of aluminium oxide nanoparticles (ALO,); A: G

Bt
amma aluminium oxide

20nm, B: Alpha aluminium oxide 80 nm.
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Fig. 2. The average body weight and the Lung organ coefficients in treatment groups. Values are expressed as Means+SD: n=6 rats/
group. 'P<0.01.

treated with nanoparticles. Also, simultaneous
intake of wormwood extract and aluminum could
increase rats’ weight. Results of statistical analysis
showed that although there was a significant
increase in lung weight ratios in the groups treated
with y- ALO, NPs and the control group (P <0.05),
no significant changes were observed for other
groups (Fig. 2).

Our findings revealed that aluminum
nanoparticles (in both gamma and alpha phases)
increased MDA in the lung tissue (Fig. 3a).
Regarding antioxidant properties of the wormwood
plant, changes related to the content of MDA was
adjusted in the group receiving a-AlL,O, (80nm)
30 mg/kg (ip)+ Artemisia absinthium 200 mg/kg
(Group V), which could indicate the positive effects
of the plant extract in reducing toxicity effects of
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alpha type. Results also showed that exposure of rats
to nano alumina (in both gamma and alpha state)
had adverse and significant effects on the contents
of GPx, SOD, CAT, and TAC in lung tissue (Figs.
3b, ¢, d, and e), which can be due to the mechanism
of reactive oxygen species and lead to oxidative
stresses. Results related to the antioxidant activities
of wormwood extract in inhibiting aluminum
nanoparticles-induced oxidative stresses showed
that simultaneous intake of aqueous extract of
wormwood and aluminum nanoparticles increased
enzymatic activities of GPx, SOD, CAT, and
TAC so that SOD and TAC contents significantly
increased (at p <0.01 and p <0.05, respectively) in
alpha state. Therefore, it can be concluded that y-
ALO, NPs have led to a depletion of antioxidant
reserves than the alpha phase. Morsy et al. Showed
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Fig. 3. Effect of A. absinthium on the activity of lipid peroxidation and antioxidant enzymes in Al,O,-NPs-treated rat lung. (a) MDA

activity; (b) GPx activity; (c) SOD activity; (d) CAT activity; (e) TAC activity; (f) iNOS activity, Relative expression levels of HO-1 (G),

and MT-1 (H) mRNA in the lung. All values are expressed as Mean+SD. One-way ANOVA-student followed by Tukey’s post-hoc test
(n=6). "P<0.05, "P<0.01, ""P<0.001.
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Fig. 5. H&E staining of rat lung

that Al O, cause oxidative stress in the brain, liver,
and kidneys of rats. These results are consistent
with our findings in lung tissue. Nitric oxide in the
respiratory system can cause relaxation of blood
vessels and respiratory tracts and even balance
its levels. Induced nitric oxide synthase (iNOS)
levels significantly increased in the y-Al,O, NPs-
treated groups, while the aqueous extract of the
wormwood significantly decreased iNOS levels in
both nanoparticle-receiving groups (Fig. 3f).

The HO-1 and MT-1 genes, as a protective
mechanism against cellular stress, are rapidly
regulated by proinflammatory cytokines or
oxidative stresses. Accordingly, considering the role
of heme oxygenase, it can be assumed that alumina
nanoparticles affect the expression of the heme
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sections. Scale bars: 200um.

oxygenase enzyme and can cause inflammation and
tissue damage. In the present study, expressing the
MT-1 gene in lung tissue significantly increased,
indicating the high levels of nano alumina, while
the use of wormwood extract caused a relative
modulation of toxicity caused by nanoparticles in
the present study (Fig. 3G, H).

Results also demonstrated that aluminum levels
in rats receiving y-Al,O, NPs increased significantly
compared to the control group, and the aqueous
extract of the wormwood plant significantly
decreased the accumulation of aluminum metal in
lung tissue (Fig. 4).

Histopathological examinations of lung tissue
and diagnosis of pulmonary changes: Figure 5-a
displays the normal structure of the lung tissue
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in the control group. Figure 5-b shows the severe
response of lung tissue in the second group. Figure
5-c indicates a decrease in the severity of the lung
tissue reaction in the third group compared to the
second group. Figure 5-d demonstrates a decrease
in the destruction of alveolar walls of the fourth
group compared to the second group. Figure 5-e
shows the mild lung response and slight changes
in the lung tissue in the fifth group. Figure 5-f
demonstrates that the natural structure of lung
tissue is preserved in the sixth group.

4. CONCLUSIONS

In line with the existing hypotheses, our
findings found that nanoparticles with smaller
sizes and higher specific surfaces and reactivity
could form severe side effects and toxicities.
Results showed that y-AL O, NPs produced more
severe pulmonary toxicity than a-ALO, NPs. In

Journal of Health and Safety at Work 2022; 12(2): 288-308

addition, the role of antioxidants, e.g., the aqueous
extract of wormwood, as complementary and
alternative medicine in reducing oxidative stress
and nitrate stress levels and increasing the content
of antioxidant capacity was known as the most
prominent findings of this study. Since reducing
work-related complications and maintaining
health are the main programs and policies of the
occupational safety and health agency, the present
study investigated the protective effects of aqueous
extract of wormwood plant (oral). However, further
studies with larger sample sizes on different animal
models are needed to understand and reduce the
probable adverse effects in workers exposed to
aluminum oxide nanoparticles.
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